R e s e a r c h a t Ca m b r i d g e a n d P l y m o u t h
In addition to pursuing the Loch Ness project and other general interests at Cambridge, Peter acquired an excellent knowledge of biology and chemistry, obtaining firsts in both parts of the Natural Science Tripos. The writer (A.L.H.) met him when he had just obtained a first class in biochemistry part II. Partly at the suggestion of Professor F.G. Young, Peter decided that he would like to join Hodgkin's group in the Physiological Laboratory in Cambridge. He also welcomed the suggestion that he should divide his time between Cambridge and the Laboratory of the Marine Biologi cal Association at Plymouth, where there were many experiments to be done on the giant nerve fibres of the squid. Before leaving Plymouth Peter spent a few days with the Hodgkins in Cambridge and electrified their children with the small menagerie of insects on which he was doing research. These included the entomological curiosity known as jumping beans which lived in a box in his bedroom. Peter was attracted by the idea that he should follow up the work of Caldwell et (1960) on the way in which the sodium pump was fuelled by high energy phosphate. Hodgkin said that he hoped to come to Plymouth later in the autumn but that in the meantime Trevor Shaw, who was on the Plymouth staff, would look after him. Subsequently a large part of Peter Baker's work was done at Plymouth and it was there that he spent some of his happiest days. He enjoyed both the diversity of animal life and the wide range of biological techniques that one encounters at a marine biological station. Indeed, such were the pressures of the professorial post that he later achieved at King's College London, that his involvement in experimental work there was inevitably limited and only Plymouth could provide him with the opportunity to spend time in the laboratory. While at King's College London, many of his students and post-doctoral visitors worked at Plymouth with only a few based in London. He served for many years on the council of the Marine Biological Association and helped fight a long, if unsuccess ful, battle to preserve the independence of the laboratory as a grant-aided institution.
Internal perfusion o f nerve fibres
Peter started work at Plymouth with Trevor Shaw in September 1960 and almost immediately the pair struck gold by showing that after the protoplasm had been squeezed out of a giant nerve fibre, conduction of impulses could be restored by perfusing the remaining membrane and sheath with an appropriate solution (6). Later, Baker, Hodgkin and Shaw (3, 4, 7, 8) spent some time working out the best method of changing internal solutions while recording electrical phenomena with an internal electrode. It turned out that it did not matter much what solution was inside the nerve fibre as long as it contained potassium and little sodium. Provided that this condition is satisfied, a perfused nerve fibre is able to conduct nearly a million impulses without the intervention of any biochemical process. ATP is needed to pump out sodium and reabsorb potassium but not for the actual conduction of impulse.
There were also several unexpected findings of which perhaps the most interesting was that reducing the internal ionic strength caused a dramatic shift in the operating voltage characteristic of the membrane (11,13). This effect, which finds a straightfor ward explanation in terms of the potential gradients generated by charged groups on the inside of the membrane, helped to explain several unexpected results that were sometimes thought to be inconsistent with the ionic theory of nerve conduction.
Phosphorus metabolism and active transport in nerve
On returning to Cambridge in January 1961, Baker continued work on the project that he had selected for a Ph.D. thesis, namely the relation of phosphorus metabolism to the active transport of sodium and potassium in nerve (10, 14, 31) . The main conclusion was that the Na,K-ATPase, a membrane protein, isolated from crab nerve by Skou (1957) was the essential component of the sodium pumping mechanism in nerve. Baker showed that in both crab and squid nerve, 3 N a + are ejected per ATP split in a reaction which conserves free energy fairly efficiently. The lower figure obtained earlier by Caldwell et al. (1960) was explained by the fact that after an ATP injection, three-quarters of the ATP breakdown occurred in the protoplasm and only one quarter at the membrane (16).
At this period Baker devoted a lot of energy both to thinking about the sodium pump (22) and to attempts to make perfused nerve fibres extrude N a + and absorb K +. Although some later experiments were successful (29, 40) , the early attempts ran into difficulties perhaps because the drastic procedure of rolling out axoplasm leaves the membrane with a good many holes in it. Eventually Brinley and Mullins (1967) at Woods Hole (U.S.A.) introduced the infernal dialysis method: a very powerful technique which enabled them to reconstruct the sodium pump and to answer a number of questions about its mechanism. Today the Baker and Shaw method of perfusing a giant nerve fibre after rolling out its contents is not much used, but the method was important in its day because it helped to remove a deep prejudice against the idea that the protoplasm inside the nerve was of no immediate relevance to the transmission of impulses, apart from providing an electrically conducting pathway. In experiments with Connelly carried out at the Rockefeller University New York in 1965, Baker (20) showed that the increase in oxygen consumption following stimulation of crab nerve was consistent with the idea that 2-3 N a + were pumped for each energyrich phosphate base hydrolysed.
Number o f N a-K pumping sites in various cells
The fact that the cardiac glycoside 'ouabain' combines irreversibly with the Na-K pumping sites had previously been used to measure the number of these sites (or molecules) in red cells. Baker & Willis (33, 36, 52, 53) extended these measurements to other tissues including nerve and HeLa cells (tumour cells). They showed that sensible results were obtained only if a clear distinction was made between linear, non-specific binding of the glycoside and a saturable binding clearly identified with the pumping mechanism. In general, the density of sites was much greater than one per square micrometre found in red cells and might reach values greater than 1000 per square micrometre in HeLa cells. However, in spite of this variation, the turnover number of each site remained fairly constant at about 3000 to 15 000 min'1 at 35°C.
Fertilization
The availability of sea urchin eggs at Plymouth encouraged Baker to extend his research interests into the area of fertilization. The first problem he considered was why only one male pronucleus from the many thousands of spermatozoa that collide with the surface enters the egg and fuses with the female pronucleus. The general answer is that in many eggs there is a fast and slow block to polyspermy (Rothschild & Swann 1949; Rothschild 1956 ). In echinoderm eggs the fast block is something like an electrical nervous impulse, with an incomplete recovery phase, which leaves the membrane depolarized and much less easily fertilized (Jaffe 1976 and others, see 105) . The slow block to polyspermy involves the elevation of the fertilization membrane which results from a wave of calcium release that spreads over the cortical layer of protoplasm. The experimental contributions of Baker and his colleagues to the study of fertilization are summarized below.
Baker and Presley investigated the rate of entry of sperm into sea urchin eggs. The methods used earlier to measure rates of fertilization followed the procedure of first incubating the eggs with sperm over various periods of time and then adding agents to inhibit further fertilization. The agents were chosen to enable the eggs to remain viable for long enough to pass through the first cleavage stage. This morphological change was used as a measure of fertilization. Baker and Presley showed that by rapidly fixing and staining the eggs after short periods of incubation with sperm, the extent of fertilization could be determined using a light microscope by simply scoring the cells containing developing male pronuclei. Although these measurements reflected a lower limit on the number of pronuclei, they did show quite convincingly that the earlier measurement of 'cell cleavage' used as an index of fertilization was not accurate when eggs were exposed to high concentrations of sperm (21). Baker and Presley showed that polyspermy could also be promoted by nicotine (45) as well as by high concentra tions of sperm. They next compared the efficacy of the various agents to inhibit fertilization. They showed that the appearance of developing male pronuclei in fertilized eggs preincubated with sperm for less than 10 seconds could be inhibited by various agents including calcium and magnesium free sea water, the detergent lauryl sulphate, or by sea water in which the sodium was replaced iso-osmotically with potassium. Rather unexpectedly, however, they found that uranyl ions could block fertilization in eggs that had been preincubated with sperm for a much longer time, i.e. 30-40 seconds. These experiments suggested that the sites of action of uranyl ions and the other inhibitory agents were different and thus provided the evidence for a hitherto unexpected intermediate stage in the fertilization process (32, 37) .
Following these findings Baker and Warner, a developmental physiologist, joined forces to investigate the role played by calcium in cell cleavage. They injected calcium buffers and aequorin into Xenopus eggs, and showed that cell cleavage proceeded normally with injection of calcium buffers corresponding to levels of Ca2+, but was completely inhibited by calcium buffers corresponding to '0.01/* M levels of Ca2+. The results of the aequorin experiments were more equivocal however. Although a transient light output occurred at the time of cell cleavage, the changing opacity of the dividing cell hampered the interpretation of the data in terms of changes in Ca2+.
These data did show, however, that any increase in intracellular Ca2+ was a conse quence of mobilization of calcium from intracellular stores rather than entry from the extracellular fluid. Taken together their data showed that cell cleavage required a definite but low concentration of ionized calcium and possibly that an increase in Ca2+ was associated with cleavage (51).
One feature of fertilization is the elevation of a membrane away from the surface of the fertilized sea urchin egg. This elevated fertilization membrane serves to prevent other sperm from reaching the surface and the mechanism by which it lifts away from the surface involves exocytosis of the cortical granules attached to the inner surface of the plasma membrane. Baker and W hitaker adopted a technique (Vacquier 1975) whereby sea urchin eggs were stuck to a glass slide and the unstuck portion of the egg was washed away. The inside of the cortex and its attached secretory vesicles were therefore left exposed and accessible to chemical control. Exocytosis of the large granules was visualized by way of a light microscope (96, 97, 103, 105, 110) .
Calcium movements in nerve
From 1966 until his death, one of Baker's main interests was the movement of calcium into and out of cells. Previous work at Plymouth had shown that much of the calcium inside a squid nerve fibre was bound and that there must be a mechanism for extruding calcium against a large electrochemical gradient (Hodgkin & Keynes 1957) . But little was known about the nature of calcium binding or about the way in which calcium was extruded.
In the autumn and early winter of 1966/7 Baker, Blaustein, Hodgkin and Steinhardt (23, 24, 30) obtained evidence from several types of experiment of a mechanism coupling calcium influx to sodium efflux. From these and other experiments (27); Blaustein & Hodgkin 1969 ) they also showed that calcium outflow might be coupled to a sodium inflow with three or four N a + exchanging for one Ca2+ thus providing a mechanism for maintaining a low internal calcium concentration at the expense of the sodium electrochemical gradient (34, 70) .
From independent experiments in Berne which also started in 1966 , R euter & Seitz (1968 showed that a N a-Ca exchanges of this general type was also present in heart muscle. Since that period a similar mechanism has been demonstrated in many cells and organelles, and at the time of his death, Baker was in the midst of organizing the first international conference on sodium-calcium exchange. The conference, which was highly successful, took place as planned at Stowe School, England, in July 1987, and its proceedings were summarized in Allen et al. (1989) . The following paragraphs summarize Baker's experimental contributions from 1972 onwards.
Baker and Crawford investigated the possibility that magnesium was handled in a way similar to calcium. Although magnesium was not bound in the axoplasm as was calcium, Mg efflux like calcium efflux did depend on extracellular sodium (39, 50, 76) . Baker and Glitsche provided evidence that supported the idea that sodium dependent calcium efflux was influenced by the metabolic state of the cell, a reduction in the ATP levels seemingly acting to alter the affinity for the ions of the exchanger (55). Baker and McNaughton later undertook a detailed analysis of the calcium efflux from squid (69,77,78,94) and concluded that the calcium efflux could be resolved into three components: (i) A sodium-calcium exchanger, (ii) a calcium-calcium exchanger, and (iii) an uncoupled calcium efflux driven by ATP that was in part dependent upon extracellular calcium binding to an extracellular protein.
In order to study the properties of these different components and to determine their relative physiological importance, it was necessary to establish conditions that would selectively inhibit one or more of these components. Although a choice of a non-physiological pH (85), the presence or absence of sodium or calcium, and the use of metabolic inhibitors went some way to achieving this, they were not completely satisfactory. Baker and Singh showed that vanadate inhibited the uncoupled calcium efflux from squid, but left unaffected the calcium-calcium and the sodium-calcium exchangers. They showed that as the net calcium efflux, which reflected all three components of calcium transport, was inhibited by vanadate, and so concluded that the uncoupled efflux was operative under physiological conditions (122) . Another rather unexpected finding was that the calcium indicator Quin 2 seemed to inhibit the sodium-calcium exchanger (155).
Baker and Allen then investigated the influence of membrane potential on calcium efflux from squid axon (135,164) and provided evidence that the sodium dependent component of calcium efflux was activated by hyperpolarization and inhibited by depolarization, the efflux changing e-fold over 50 mV. They showed that in artificial sea water the calcium efflux dependent on extracellular calcium was unaffected by membrane potential, but that the ATP -dependent uncoupled efflux was inhibited by hyperpolarization and stimulated by depolarization. This finding of opposite effects on Na dependent and uncoupled calcium effluxes offered an explanation as to why the total calcium efflux from squid axons was reported to respond to membrane potential changes in a very variable manner.
They also looked at the effect of membrane potential of calcium dependent sodium efflux in squid (163). They found that the flux increased as the cell was depolarized, an e-fold change occurring over approximately 50 mV. The similar effect seen with high extracellular potassium was shown to be a consequence of the change in mem brane potential rather than the presence of the potassium ion itself. As the sodiumcalcium exchanger is electrogenic (between three and five sodiums being coupled to one calcium ion) these data were consistent with the idea that its operation was voltage dependent.
Many of the original experiments studying calcium movements in squid axon were done using aequorin, a protein that emits light in the presence of ionized calcium. By injecting aequorin into squid axon Baker, Hodgkin and Ridgway were able to measure and follow changes in the intensity of light output, and by means of injecting calcium buffers into the axon afterwards, calibrated the signal in situ in terms of concentration of ionized calcium (98). Using this method they showed that the resting Ca2+; level was close to 0.3/*m, was dependent on the sodium gradient and increased dramatically after a train of action potentials (42, 48) . These voltage operated calcium channels were explored using the voltage-clamp technique which showed that the increase in aequorin signal triggered by a depolarization could be subdivided into two phases: an early component that was abolished by tetrodotoxin and a late component that was not affected by this inhibitor (35, 41, 42) . Baker interpreted the early component as calcium entry through the sodium channel and the late component as being similar to the calcium entry associated with calcium dependent neurotransm itter release char acterized earlier by Katz & Miledi (1967a . Baker, Ridgway and Meeves, showed that this slow component of calcium entry was sensitive to cobalt, manganese and also to the organic calcium antagonist D600, and inactivated slowly (within seconds) (43, 56, 57) . These studies were important as they focused attention on the voltage dependent calcium entry system that forms part of a stimulus secretion coupling mechanisms.
Baker also used aequorin to measure changes in Ca2+j brought about by changes in C 0 2 or by a cardioactive drug (90, 91, 115, 124) , and to show that anaesthetics could alter the light output of aequorin at constant ionized calcium (112).
Baker considered the mechanisms by which cells sequestered calcium. H e showed, using aequorin, that the Ca2+ level established by isolated squid axoplasm was close to the 100 nM level seen in intact axon (73, 88, 95) . The characteristics of the ATP sensitive component of calcium binding were similar to those of isolated mitochondria, having a relatively low affinity for Ca2+ (close to 20-60 //M ), and a large capacity of 100 //mol calcium bound per kilogram axoplasm. The ATP independent component, however, had a higher affinity for calcium, i.e. close to lOOnM, but the capacity was only about one tenth of the ATP-dependent component. Baker and Umbach further characterized the calcium binding properties in squid axoplasm with calcium sensitive microelectrodes in axons and isolated axoplasm (138, 158, 184) . They measured Ca2+ to be close to 77nM in intact axons, the Ca2+ rising to about 5//M when the axon was poisoned. The calcium binding properties were investigated by measuring Ca2+ in axoplasm titrated with CaCl2. They established that the energy dependent and inde pendent components could each be subdivided into two components of varying affinities and capacities.
The limited seasonal availability of squid meant that these experiments could only be performed during the winter. Baker hoped that the large axon of the readily available polychaete worm Myxicola would enable him to investigate calcium homeos tasis throughout the year. Although the axoplasm could easily be removed and supported within a dialysis tube (82), considerable difficulty was experienced in dissecting an intact living axon. Some experiments were conducted using isolated Myxicola axoplasm, but these were largely complementary to the studies on Loligo squid axoplasm (87, 95) . The subject of calcium and magnesium homeostasis was reviewed by Baker and Dipolo in 1984 (149) .
Calcium buffering in cells was also studied by Baker using adrenal medullary cells. In this preparation the normal barrier to calcium had been bypassed by creating localized lesions in the plasma membrane (see Intracellular control of secretion). The results showed a large ATP dependent component that was sensitive to micromolar levels of Ca2+, and was blocked by mitochondrial inhibitors. A high affinity calcium binding component was shown, but was of a very small capacity (120,134). With Singh, Baker later showed that strontium was handled by cells in much the same way as calcium (113, 133) .
The significance of the two routes of calcium entry into cells, i.e. via the sodiumcalcium exchanger and through voltage activated channels, to stimulus secretion coupling was considered by Baker in his early reviews (48, 60) . It was well known that inhibition of the sodium potassium pump led to an increase in spontaneous and evoked release of neurotransmitters. Baker investigated the possibility that inhibition of this pump would lead to an increase of intracellular sodium which in turn could activate the N a-C a exchanger and thus lead to an increase in Ca2+. His experiments with Crawford, however, suggested that increased secretion induced by the inhibition of the sodium-potassium pump was unlikely to involve the sodium-calcium exchanger. They concluded that if an increase in Ca2 + was triggered by an increase in intracellular sodium, it was through mobilization of Ca2+ from intracellular stores (67).
Baker and Pocock studied the ouabain sensitive component of catecholamine secretion from disaggregated adrenal medullary cells. They concluded that the effect of ouabain was not to increase calcium influx via the exchanger as a result of increasing intracellular sodium, but rather to inhibit calcium efflux (Pocock 1983) .
Baker and Rink investigated the possibility that the voltage activated calcium channels, characterized by the studies on squid, played a role in secretion and in particular addressed the question whether the transient secretory response seen with perfused adrenal glands was associated with the transient nature of calcium channels in adrenal medullary cells. They provided evidence which showed that the transient secretory response to a maintained depolarizing medium was not a consequence of the exhaustion of a releasable pool of transmitter from the gland, but rather was a consequence of the transient nature of the channels through which calcium entered the secretory cell. They suggested therefore that these voltage activated, slowly inactivating calcium channels present in secretory cells were similar to the late channels seen earlier in the squid giant axon (65,71).
Peter Baker realized that the squid giant axon, amenable to internal control by perfusion, dialysis and axoplasm replacement, offered a preparation with which numerous other transport systems could be studied (144). He thus branched out into other areas of membrane transport using the squid axon as an experimental model and investigated sugar and amino acid transport, cyclic nucleotide metabolism and signal transduction coupling. Baker was interested in the possibility of a generalized transport mechanism. One rather common theme that seems to emerge from these studies is not only an involvement of extracellular sodium, but also the role that ATP seems to play. In many of these transport systems Baker provided evidence to suggest that ATP modulated the transport systems by altering the affinities of the carriers for their substrates.
Am ino acid transport
These experiments were begun in Cambridge, when Baker and Potashner investi gated glutamate uptake into crab nerve and squid axon (44,58). The interest came not only from the fact that glutamate was accumulated in the nerves against a steep electrochemical gradient, but also because glutamate was thought to be a transmitter substance in crab nerve and thus an efficient, rapid uptake mechanism might have been a means of terminating transmitter action. They showed that the uptake depended on extracellular sodium, the dose response curve suggesting two sodium ions acting as a cosubstrate with glutamate, i.e. the uptake of each glutamate molecule required the cooperation of two sodium ions. This sodium dependence was strikingly similar to that seen in the glycine transport system described several years earlier in pigeon red cells by Vidaver (1964) .
Baker and Potashner then showed that potassium inhibited the sodium dependent glutamate flux in crab nerve in such a way as to suggest that the potassium ion was in competition with the sodium ion for a site on the transporter and that once bound the glutamate was unable to bind also. This finding was quite unlike glutamate transport in squid axon, or glycine transport in red blood cells, where potassium had no effect. They next showed that when the intracellular ATP level was reduced by metabolic inhibitors, the sodium dependent glutamate flux in squid axon decreased. This inhibi tion, which was reversed by injecting ATP, was shown to be neither due to changes in intracellular sodium or calcium nor to changes in membrane potential. Examination of the manner in which metabolic poisons inhibited sodium dependent glutamate transport suggested that a reduction in ATP decreased the affinity of the transporter for glutamate, leaving the affinity for sodium unaltered at close to 90 mM and also leaving unaltered the maximum rate at which the transporter could operate. Their data suggested that the transporter did not have an obligatory requirement for energy rich phosphate compounds, but that it operated in two forms: a high affinity state in the presence of ATP, and a low affinity state at low ATP levels (58,59).
Later on when Baker was at King's College London, he investigated glutamate transport in barnacle muscle fibre (147, 191) . He showed, with Revest and Carruthers, that the sodium dependent component of glutamate transport was similar to that in other systems in so far as the uptake of each glutamate molecule seemed to require the cooperation of two sodiums ions. Baker and Revest provided evidence suggesting that the sodium and glutamate binding sites on the transporter were separate, and that although potassium had no effect on glutamate transport, guanidinium and lithium competed with the sodium ion binding site to block the transporter.
The difference in the specificities of receptor activation and glutamate transport was highlighted by their experiments showing that, although the receptor appeared to be of the 'quisqualate' type, quisqualate did not interact with the sodium dependent glutamate transporter.
Sugar transport in squid and barnacle
Baker's research interests in using the squid as an experimental model with which to study sugar transport began in the early 1980s. Some 14 years earlier Hoskin & Rosenberg (1966) had used the squid to characterize some properties of sugar transport, and Baker and Carruthers extended this work (117,118). They showed that once inside the axon, sugars were essentially free to diffuse, although certain sugars penetrated the giant axons at rates which were several orders of magnitude greater than would be predicted for free diffusion through lipid bilayers. This suggested a selective transfer process for sugars. Under physiological conditions, the sugar trans port into the axon seemed to be a predominantly passive process, moving down its concentration gradient. At non-physiological conditions, however, i.e. when the ex tracellular glucose concentration is much higher than the normal blood glucose level, a component of the glucose transport seemed to be dependent on the presence of extracellular sodium. The possibility of a sodium-dependent glucose transport system akin to so many other sodium dependent transport systems raised the possibility of an active process of sugar transport.
Using the non-metabolisable analogue of glucose, 3,0 methylglucose, they showed that the passive component of the sugar flux was mediated by a facilitated transport system that exhibited saturation kinetics. They derived the affinity constant of the transport system for glucose and the maximum rate at which the carrier could act and showed that these parameters depended upon the way in which glucose was moving, i.e. whether it was entering or leaving the cell. Thus it appeared that sugar transport across squid axolemma was mediated by an asymmetric transfer process.
The sugar transporter in squid seemed not to be under hormonal control and the increased glucose influx associated with increased electrical activity was explained in terms of increased metabolism of the glucose rather than any direct effect on the transport system. The metabolic state of the cell, however, did affect the transporter. A lowering of ATP reduced both the influx and efflux in such a way as to suggest that the affinity of the transporter for glucose was reduced. As non-hydrolysable forms of ATP could not protect the system, Baker and Carruthers concluded that hydrolysis of ATP lead in some way to an increase in the affinity of the transfer system for its substrate sugar.
They next investigated the sugar transport system in the giant muscle cell of the barnacle (108, 127, 136) and found that, as in squid nerve, sugar transport was accel erated by electrical activity. Quite unlike the results obtained from squid, however, was the finding that sugar transport in the barnacle was sensitive to insulin. They showed that a similar increase in sugar transport was also associated with an increase in intracellular cyclic GMP or calcium, or a decreased cyclic AMP content of the cell. These effects required the presence of ATP and were mediated by GTP.
In t r a c e l l u l a r c o n t r o l o f e x o c y t o s is
Baker's research interest at King's College London, focused on the mechanism and intracellular control of exocytosis, which he explored for over 10 years together with the writer (D.E.K.).
Exocytosis is a process whereby chemicals are secreted from cells, and the mechan ism involves the fusion of small membrane-bound intracellular structures containing these chemicals, with the inner surface of the cell's membrane. On fusion, the contents of these packages (granules) are discharged into the extracellular fluid. This process is of fundamental importance as it represents the route by which many neurotransmit ters, hormones and enzymes are secreted. Associated with exocytosis is the insertion of granule membrane into the membrane of the cell. This process therefore also enables the properties of the limiting membrane of a cell to be changed.
Calcium had long been implicated in the mechanism of exocytosis (Douglas & Rubin 1961; Katz & Miledi 19676; Llinas et 1972; Miledi 1973 ) and Baker's goal was to quantify the levels of calcium needed, and to identify the site of action of calcium.
In 1983 Baker set up a 'Secretory Mechanisms G roup' funded by the Medical Research Council. The principal preparation used was the bovine adrenal medullary cell, which represented not only endocrine but also neuronal tissue. As secretion involved the fusion of many intracellular secretory granules with the inner surface of the plasma membrane, it seemed likely that one of the early events was the movement of some of the granules towards the inner surface of the cell's membrane. Earlier studies had shown that millimolar levels of calcium could liquify the jelly-like proto plasm extruded from the squid axon (Hodgkin & Katz 1949) and so it was possible that one role of calcium in secretion was to reduce the cytoplasmic viscosity and thus allow movement of the secretory granules. In a study with Rubinson, Peter Baker showed that in fact not only calcium but also various anions regulated axoplasmic viscosity (84, 104, 126) . Following Trevor Shaw (Shaw & Newby 1972) , Baker and Piddington tried to monitor movement of secretory granules within cells using a laser light scattering technique. The principle of the method was that a moving object reflected light at a slightly different frequency to that of the incident light. He attem pted to resolve a component of the scattered light attributed to motion of secretory granules in adrenal medullary tissue (83) but these studies were generally inconclusive because of the difficulty in resolving the expected optical signal above the signals originating from bulk tissue and fluid movement. One thing that did come out of these studies, however, was the development of a technique to isolate, in high yield, viable chromaffin cells. This preparation was to be the workhorse for Baker's studies at King's over the next decade (140).
Baker turned his attention to measuring and clamping the ionized calcium level in these isolated viable chromaffin cells in order to investigate quantitatively the role of calcium in secretion. The aim was to introduce calcium sensitive dyes, or calcium buffers, into the cell by fusing unilamellar liposomes, containing these agents, with the cells. Although 200-300 A diameter liposomes of various lipid compositions were formed containing these agents, it proved impossible to incorporate reliably a signifi cant proportion of the liposomes' contents within the medullary cell.
Gaining access to the cytosol
At about this time Baker became aware of a technique used by Ulrich Zimmermann and his colleagues in Germany to electrically permeabilize and reseal red blood cells (Zimmermann et a l . 1974) . The technique involved exposing isolated cel sion to an intense electric field of brief duration causing localized dielectric breakdown of the plasma membrane. What was appreciated and seized upon by the group at King's was that as the breakdown effect of the electric field depended upon the size of the particle or cell exposed to the field, it was possible to choose a field strength that would selectively breach the plasma membrane of the cell without affecting the smaller intracellular organelles. Thus by exposing adrenal medullary cells to fields of 2kV cm-1 it proved possible to create pores of 4 nm diameter in the plasma membrane without altering the properties of the smaller secretory granules, or for that matter the protein matrix that formed part of the secretory machinery (92,93). These early developments of the technique were later to be adopted by many other workers and applied to various types of secretory system, including actylcholine release from Torpedo synaptosomes and trychosyst discharge of Paramecium.
Although chromaffin cells were rendered freely permeable to extracellular solutes of up to 1000 daltons, the pores did not seem to reseal and thus the Ca2+1_ sensitive dyes or calcium buffers could not be trapped inside the cell.
One important result that Baker did not follow up immediately came by way of the early experiments trying to reseal cells. To gain a greater understanding of the conditions controlling electropermeabilization and subsequent resealing, a range of electric field conditions were applied to various cell types including the transformed cells L929. A suspension of these cells was provided by the nearby laboratories of the Imperial Cancer Research Fund and was exposed to a series of electric fields in the presence of a fluorescent extracellular marker. Cells that fully recovered from the electric field became firmly attached to the culture plate, while those cells not resealing remained rounded and unattached. It was hoped that under the right conditions plated cells would contain the fluorescent marker indicating that they had completely resealed. Unfortunately, this did not occur as the cells seemed unable to reseal once they were made freely permeable to the fluorescent marker. What was observed, however, was that when cells were exposed to low intensity electric fields (too low to make them readily leaky) they seemed to plate down on top of each other. Robert Brooks at the Cancer Research Fund became very excited about this finding as he believed that the cells were polynuclear rather than simply overlaid. It was not clear why this should have happened, whether as a result of cell fusion or inhibition of cytokinesis, but clearly it offered a new avenue of research. Baker did not immediately seize the opportunity to embark on another field of research, but put the results aside with the intention of coming back to them at a later date when the problem of resealing had been solved. It was not until Ulrich Zimmermann visited us at King's some time later and described his elegant red blood cell fusion experiments that the significance of the polynuclear cells became apparent. Zimmermann had obtained fusion by applying an electric field to cells in contact with each other, arranged in a line by dielectrophoresis. It seems more than likely that the polynuclear L929 cells Baker saw earlier were formed by the electric field fusing aggregates of the cells in suspension (Zimmermann et a l .1980) .
Although Baker was unable to reseal the pores in the chromaffin cells, their stability suggested that they would provide a preparation like the skinned muscle fibre, in which the interior was accessible to extracellular solutions. By exposing the cells to a series of electric fields it proved possible to 'pepper' the plasma membrane of each cell with up to 20 pores. The chemical composition of the intracellular was defined and put under experimental control by diffusion of extracellular solutes through these stable pores. This preparation therefore allowed Baker to use calcium buffers to investigate, quantitatively, the calcium requirement for exocytosis (100, 109, 120, 134) . Other techniques were later used to bypass the barrier set up by the plasma membrane and included the use of detergents, toxins and viruses, but Baker always felt that the electrical method offered distinct advantages over other techniques as it was control led, chemically clean, equally effective on a homogeneous population of cells in suspension, and perhaps most importantly had only a localized effect on the plasma membrane, thus leaving the bulk of the membrane intact and able to participate in exocytosis (137,151,183,187,188 ).
+ Ca and nucleotide dependence ofexocytosis
One of the major results from Baker's studies was that exocytosis was triggered by micromolar levels of Ca2+. With Knight and Whitaker, he showed this for catecho lamine secretion from electropermeabilized adrenal medullary cells and also for exocytosis of cortical granules in sea urchin eggs (see section on Fertilization and 111). Since then, secretion from many tissue types has been shown to be triggered by these levels of Ca2+ (185).
A nother significant result of the early experiments on electropermeabilized adrenal medullary cells, and one that is often neglected, was that less than 1% of the total cellular catecholamine leaked out of the cells,even though the plasma membrane was freely permeable to solutes of up to 1000 molecular mass. This finding alone argued strongly against the involvement of a cytosolic pool of catecholamine in secretion.
In the hope of shedding some light on the underlying mechanism of secretion, the effects of various agents introduced into the 'leaky' adrenal medullary cell were investigated. One of the interesting findings was that the same calcium dependent protease inhibitors that inhibited calcium dependent liquefaction of axoplasm had little or no effect on calcium dependent secretion. Also the anions that Baker and Rubinson had earlier shown to liquify axoplasm in fact inhibited secretion (102,134). These data therefore argued against the role of calcium being simply to reduce the viscosity of the cytosol. Agents that were reported to interfere with the cytoskeleton also had no effect on calcium dependent secretion (134,141). While many agents, including cyclic nucleotides, had little or no effect on secretion it was very clear that for electropermeabilized chromaffin cells to respond to a Ca2+ challenge, MgATP had to be present (101). The rather specific requirement for MgATP and the ineffective ness of its non-hydrolysable analogues, suggested a possible involvement of phospho rylation and/or dephosphorylation in secretion. The extensive studies of protein phosphorylation in leaky chromaffin cells, however, showed that a very large number of proteins were phosphorylated, and Baker, Niggli and colleagues were thus unable to identify a single key phosphoprotein uniquely associated with Ca2+-dependent secretion. During these studies they identified one of the major proteins phosphory lated in situ as tyrosine hydroxylase, an enzyme involved in the synthesis of catecho lamines. With this technique Baker was able to show that this enzyme was phosphorylated at different sites by calcium and cyclic AMP dependent kinases (131, 152, 153) .
If phosphorylation or dephosphorylation was involved in secretion, then the kinetics of catecholamine release measured from electropermeabilized cells suggested that two Ca2+ ions were involved in each exocytotic event and that these calcium ions mediated a reaction in which the rate of phosphorylation (or dephosphorylation) regulated the rate of exocytosis (134).
The MgATP dose response curve obtained from these secretion studies was best described by a model involving one molecule of MgATP per round of exocytosis. The data therefore provided no evidence for cooperative sites of action of MgATP involved in secretion as had been suggested by other workers. Although MgATP was certainly required for secretion from bovine chromaffin cells, it was less clear for cortical granule discharge from sea urchin eggs. H ere Baker and W hitaker showed that the secretory response from plaques was not lost immediately on removal of MgATP, but instead decreased slowly, sometimes over hours. Although it may turn out that in this case there is a bound pool of ATP, or even a bound metabolite of ATP, another suggestion was that MgATP could protect or prime the secretory apparatus.
The chemiosmotic theory ofexocytosis
The leaky cell allowed various intriguing hypotheses to be tested. Baker considered the possibility that the role of MgATP in secretion was to serve the ATP dependent proton pump found in the membrane of secretory granules. This pump not only acidifies the interior of the granule, but also establishes a potential difference across the granule membrane. The idea arose that these potential energy sources within the secretory granule were in some way involved in the exocytotic mechanism. This formed the basis of the chemiosmotic hypothesis (Pollard et al. 1979) . Thus, neutralization of the intragranular protons with extragranular anions, or exchange of H + with extragranular monovalent cations, was thought to lead to an accumulation of osmotically active particles within the secretory granule, which in turn would cause the granule to swell and thus facilitate membrane fusion. The 'leaky' chromaffin cell allowed Baker to measure and experimentally manipulate the pH and voltage gradients across the secretory granule membrane and thus to directly test their involvement in the mech anism of exocytosis. The data clearly showed that calcium dependent exocytosis could proceed independently of either granular pH or potential. Furtherm ore these experi ments showed that exocytosis could proceed in the absence of monovalent cations and also that secretion was inhibited, rather than stimulated, by cations like chloride predicted to lead to the greatest osmotic instability of the granules. Taken together these data argued strongly against the chemiosmotic theory (128,150,159).
The absolute requirement for MgATP, the specificity of ^M levels of Ca2+ and the inhibition of secretion by certain antipsychotic drugs suggested an involvement in exocytosis of a calcium-calmodulin process (103,134).
Protein kinase C and exocytosis
A nother possible target for calcium was protein kinase C. This phosphorylating enzyme, present in most secretory tissues, is activated by calcium and its role in secretion was suggested by Yasumoti Nishizuka. He showed that the calcium sensitivity of the purified enzyme could be modulated by diacylglycerols and certain phorbol esters (Castagna etal. 1982) , and he further demonstrated that these same agents could trigger secretion from platelets in a way which suggested that the affinity for calcium was modulated. Baker used the electropermeabilized adrenal medullary cell to inves tigate directly the effect of these agents on the calcium sensitivity of secretion and these experiments provided the first conclusive evidence that activators of C kinase did indeed increase the affinity of the secretory response to calcium (139).
Baker noticed that the response to activators of protein kinase C fell into three broad categories. First there was the type of response typified by the adrenal medullary cell in which the increase in calcium sensitivity was very modest. The second type of response was in the form of a very large increase in sensitivity, e.g. in the case of serotonin release from platelets; and the third type of response, as seen with lysosomal enzyme secretion from platelets, was that the kinase C activators enhanced the extent of secretion without altering the Ca2+ sensitivity (Knight et al. 1984) . Baker calculated the amount of enzyme associated with Ca and diacylglycerol as a function of Ca2+ and showed that it was dependent upon the order of binding. The relation between these amounts of enzyme associated with Ca2+ and diacylglycerol for the three orders of binding was strikingly similar to the Ca2+ activation curves of the three types of secretory response. Baker suggested therefore that the three different categories of secretory response could result from protein kinase C enzymes having different preferred orders of substrate binding (165, 181, 182) .
The possibility that both calmodulin and protein kinase C dependent processes could play a part in the control of exocytosis was considered. For example, rather than protein kinase C being the integral part of the machinery controlling exocytosis, the enzyme could have been involved as a modulator of an underlying calmodulin dependent process. Shortly before Baker died he embarked on a project to attempt to dissect these two processes pharmacologically. Unfortunately, these studies were inconclusive as, using a ranre of putative inhibitors, he was unable selectively to remove the phorbol ester component of the Ca2+-activation curve without also removing the underlying phorbol ester independent Ca2+-activation curve (189). One rather nice finding, however, was that activation of the isolated kinase exhibited the same cation specificity as did secretion, i.e. barium, strontium and lastly calcium.
Guanine nucleotide binding protein and exocytosis
Although the experiments in 1983 showed that phorbol esters increased the calcium sensitivity of the secretory process, another result was somewhat peculiar, and the follow-up investigation led to an unexpected finding. Phorbol esters shifted the Ca2 + activation curve in the expected way but another C kinase activation l,oleyl-2,acteylglycerol, had no effect. One possibility was that this particular diacylglycerol was rather different to the endogenous one in adrenal medullary cells. The finding by Haslam & Davidson (1984) in Canada that a guanine nucleotide binding protein was involved in the production of endogenous diacylglycerol suggested a method of providing the kinase in chromaffin cells with endogenous diacylglycerol. Baker there fore added a non-hydrolysable analogue of GTP, i.e. GTPyS, to electropermeabilized adrenal cells expecting it to activate phospholipase C, release endogenous diacylglyce rol and so increase the Ca2+-sensitivity of the secretory process. It was a considerable surprise therefore to find that GTPyS inhibited secretion. The data could not be interpreted in terms of GTPyS inhibiting endogenous diacylglycerol production as the effect could not be overcome by direct activation of protein kinase C with phorbol esters (160). There was the possibility that this thionucleotide was acting in a rather non-specific toxic way, but fortunately Baker was able to test this possibility using another preparation. He was, at the time, investigating the stimulus secretion coupling pathway of chicken adrenal medullary cells. These cells had muscarinic receptors rather than nicotinic receptors, which were apparent in bovine adrenal medullary cells and Baker had characterized the ionic requirements for muscarinic activation (178). Using this preparation, which had developed along a quite different evolutionary pathway to the bovine gland, Baker was able to show that GTPyS increased calciumdependent secretion unlike that which occurred in bovine cells. Baker could not determine where, along the stimulus secretion pathway, guanine nucleotides acted in chicken cells, but the data from the bovine cells led him to conclude that a site of action of the GTPyS was downstream of the sites of phospholipase C and protein kinase C, and perhaps was at the site of exocytosis itself. Baker suggested therefore that the site of exocytosis itself could be under the control of a guanine nucleotide binding protein (160). About a year later quite independent evidence emerged from Gomperts and his colleagues giving firm support to this hypothesis (Barrowman et 1986) .
Botulinum toxin and exocytosis
Baker and his colleagues at King's College London, recognized that one way of identifying a protein intimately associated with exocytosis was to use the specific targeting properties of some toxins, in much the same way as /1-bungarotoxin had been used to identify and purify the acetylcholine receptor. In 1976 they set about screening various toxins, including a range of botulinum toxins, to see if any inhibited catecho lamine secretion from adrenal medullary cells. Freshly isolated cells were being used at the time and as these only lasted for an hour or so, the incubation times with the toxins were quite short. The results were entirely negative, the toxins having no obvious effect on secretion. In 1985 another attempt was made using cultured adrenal medul lary cells. The culturing technique had been used in the laboratory by Baker and Powis when they investigated the possibility of inhibitory 2 receptors on the adrenal medullary cell. They showed that the cells did not possess a-2-adrenoceptors, unlike most other adrenergic cells and also that clonidine, the supposed specific a-agonist, acted at the level of the nicotinic receptor to inhibit catecholamine secretion (179). Using the cultured preparation Baker, Tonge and Knight were able to increase the incubation time with botulinum toxins from hours to days. The results showed that one toxin, botulinum toxin type D, inhibited catecholamine secretion and did so in a way which strongly suggested that it acted downstream of the calcium transient and at or near the site of exocytosis (161). Baker drew attention to the similarity between the characteristics of botulinum toxin block and inhibition of secretion by GTPyS and raised the possibility that this toxin, like cholera and pertussis toxins, could act via a guanine nucleotide binding protein (174, 182, 185) .
In t r a c e l l u l a r c o n t r o l o f e n d o c y t o s is
Baker realized that events surrounding secretion involved not only exocytosis but also endocytosis. He reasoned that if secretion included a cycle of events involving both, then the intracellular conditions controlling secretion might not necessarily exist exclusively for exocytosis, but could also include those for endocytosis.
His first measurements of endocytosis were made in the rat neurohypophysis (66). The later finding that endocytosis, as measured by horseradish peroxidase uptake, occurred alongside exocytosis in electropermeabilized chromaffin cells opened the way for the design of experiments directed towards dissecting the intracellular condi tions controlling these two pathways (120,130,132,134 ). Baker and von Grafenstein showed that triggered endocytosis in intact cells could proceed after secretion had been abruptly stopped (176, 177) and in a manner that suggested that endocytosis was independent of calcium. This procedure was to have been adapted in the investigation of the ionic requirements for endocytosis in 'leaky' cells.
C y c l ic n u c l e o t i d e m e t a b o l is m
Over the period of 1982-1984 Baker and Carruthers used the squid axon to investigate the control of cyclic nucleotide metabolism. They showed that the axoplasm contained both cyclic AMP and cyclic GMP, but rather unexpectedly found that the intracellular cyclic AMP level was subject to hormonal control. The squid axon therefore offered a preparation with which to probe the dependence on intracellular and extracellular environments, and the membrane potential of this hormone action. They showed that intracellular cyclic AMP levels were increased markedly by micromolar levels of extracellular serotonin. Although serotonin exhibited saturable binding properties, its large uptake into the surrounding Schwann cell sheath as well as into the axon itself left them uncertain as to the primary site of action of the hormone. Their data showed quite clearly, however, that the serotonin dependent increase in cyclic AMP was greatly enhanced by the presence of intracellular GTP, and this was taken as strong evidence of a GTP binding protein system coupling either the cyclase or the phosphodiesterase to the hormone receptor. As the level of cyclic AMP in axoplasm and in the perfusate emerging from the perfused axon presumably reflected the relative rates of cyclic AMP synthesis by adenylate cyclase and breakdown by phosphodiesterase, they devised a technique to measure these two enzymes separately. By perfusing the barnacle fibre with 14C1-labelled ATP and 3H 1-labelled cyclic AMP they were able to monitor the activities of adenylate cyclase by the production of 14C-cAMP and of the phosphodiesterase by the decrease in 3H-cAMP. Their data showed that increasing the extracellular potassium concentration increased cAMP synthesis. Phosphodiesterase activity was inhibited either by increasing the intracellu lar Ca2+ concentration, or by the presence of extracellular serotonin. Their data suggested that much of the phosphodiesterase and cyclase in squid axon was closely associated with the axolemma (127,148). Baker and Allen showed later that the cAMP content could be increased by well known activators of the signal transduction mechanism normally associated with activation of adenylate cyclase, i.e. GTPyS, fluoride ion, and forskolin (180).
Shortly before Peter Baker's death, he, Adam-Vizi and Allen investigated the metabolism of cGMP in squid axon (186). They found that, unlike cAMP, cGMP was unaffected by serotonin or high extracellular potassium, but that nicotinic agonists had a marked effect by nearly doubling the nucleotide level. As with the serotonin induced effects, they could not be sure that the primary site of action of the agonists was on the axolemma, as the Schwann cells surrounding the sheath possessed acetylcholine binding sites.
Nitroprusside increased the cGMP level and by comparing the nitroprusside in duced increase in intact cells with the induced increase in isolated axoplasm or in axons perfused to remove much of the cytoplasm, they concluded that the major component of axonal guanylate cyclase was membrane bound or closely associated with the membrane.
A d m in is t r a t io n a n d t e a c h i n g a t Kin g 's C o l l e g e At Cambridge Peter Baker was known as an excellent teacher as well as a brilliant research worker. It was therefore not surprising that in 1974 he was offered the Halliburton Professorship of Physiology at King's College London. A fter accepting this post he soon transformed a somewhat sleepy departm ent into an active centre for research and a fine teaching department.
Although his research was at the cellular level, Baker nevertheless was an ardent supporter of the teaching of whole-animal physiology. Throughout his time at King's College, the whole animal mammalian course featured as an important, if not essential, part of a physiology student's undergraduate course. When a student action group voiced their opposition about undergraduates being trained in whole-animal experi ments Baker countered firmly, but tactfully, by pointing out that physiology was an experimental science and that the department had a duty to train thoroughly those who wished to embark on a career in this field. At the time of Baker's death, he was serving on a sub-committee of the Physiological Society concerned with the trend away from whole-animal integrated physiology.
His administrative skills were soon recognized at King's and he served as a ViceDean of the Faculty of Medical Science in 1975-76, then as Dean from 1976-79. At this time King's College Hospital Medical School was a separate institution from King's College London, and did not teach preclinical courses. King's College London, taught the preclinical students of both King's College Hospital Medical School and Westmin ster Hospital Medical School, and thus as Dean of the Faculty of Medical Science at King's College London, Baker was the academic head of a preclinical school associated with both Hospital Medical Schools. The post carried with it a heavy burden of committee meetings, as well as overall responsibility for Medical and Dental education at King's College. The knowledge he gained of the administration of medicine in the University of London was to stand him in good stead later. The major achievement of this period, however, was the building of new preclinical teaching laboratories.
The University Grants Committee (UGC) Medical Sub-Committee visited King's College in October 1975, as part of its routine programme of visits to universities. The main topic discussed was accommodation. Laboratory facilities were very poor. For example, physiology practical were taught in rooms that could only accommodate 16 students, yet the preclinical intake total was 130 medical students and 50 dental students. It was difficult to provide adequate staffing because of the number of rooms involved. Following the visit, the UGC gave the College a grant of £250 000 to pay for new laboratories for the Medical Faculty and Baker played a major role in persuading the College to release redundant space for redevelopment, seeing the project through to completion and the opening of the new laboratories in October 1979.
He was also largely responsible for the development of an M.Sc. degree in Human and Applied Physiology. This was initiated by a personal approach from the Medical Research Council (MRC). They were concerned about the lack of formal training available nationally in this area and wished to establish a degree course. He put together a course, using the best available teachers from London University, but more importantly using staff and facilities from the armed services, who were enthusiastic in their support of the proposal. The course began in 1978 and has been a great success in providing advanced training in Human and Applied Physiology.
A nother concern of his was that the views of students on their courses should be sought and that students should be properly represented on administrative bodies. W hen he first attended a Medical Faculty meeting in February 1975 he proposed that student participation should be increased and that the students should organize a questionnaire on the medical course. Later, when he became Dean, he proposed that students should be represented at Faculty Board meetings and this was accepted.
Peter Baker's most important contribution to the College came shortly after he ceased to be D ean of the Medical Science Faculty in 1979. The University of London had set up a working party in March 1979 on the future of medical education, under the chairmanship of Lord Flowers. During November, rumours reached the College that the working party would recommend the abandonment of preclinical teaching at King's College. This was confirmed unofficially in December and the report was published in February 1980. The main reason advanced for the closure of the preclinical course was the distance between King's College's Strand site, where the preclinical teaching was located, and the clinical facilities at King's College and Westminster Hospitals. It was felt that medical education in future would involve integration of preclinical and clinical courses and this required physical proximity of preclinical and clinical teaching. If the report had been accepted, it would have been doubtful if the Physiology Department at King's could have survived.
Peter took charge of the College's defence against the Flowers Report. He attacked this task with his usual energy, in spite of the fact that he was still convalescing from a serious motor accident in December 1979. A close study of the report revealed many flaws and procedural errors. These were mentioned in the College's formal reply, but the main points made were the fact that King's College provided a multi-faculty environment for medical education (and, uniquely, provided courses in medical law and ethics, with the assistance of its Faculties of Law and Theology), had lower unit costs than many other schools and, most tellingly, had a vastly superior record of research achievement, when compared with the preclinical departments in the purely medical schools (107).
The defence did not rest with a formal reply. Peter Baker organized 'spontaneous' letters in the press from apparently disinterested parties, critical of various aspects of the Flowers report. All academic staff and students were given papers setting out the College's point of view and asked to use them in whatever way might help (such as writing to Members of Parliament) and to attend any meeting at which the College's view could be put. He even organized a march of staff and students from King's College to Senate House, in order to lobby a meeting of the University's Joint Medical Advisory Committee. After a long period of consultation, the Report was finally considered by the Senate of the University in October 1980. The Senate is normally a 'rubber-stamp ing' body, but on this occasion every senator was lobbied with a package of King's defence documents. In some cases this involved considerable effort in discovering the home address of senators! The result was that the proposal to abandon medical teaching at King's was rejected. The Senate agreed to set up a new working party on medical costs, on which King's was represented by Sir Neil Cameron (the Principal) and Peter Baker. Peter played a large part on this working party. The final recommen dation, as far as King's was concerned, was that the College should merge with the Medical School to form a single institution with an intake of 110 medical and 50 dental students, but the link with Westminster Hospital Medical School would be lost. This was accepted by the Senate in March 1981 and represented a very considerable victory for King's College. There was no doubt in the College at the time that this would not have been achieved but for the enterprise and flair with which Peter Baker had handled the College's case. His services to the College were subsequently recognized by his election as a Fellow of King's College in 1985.
The successful result of the Flowers affair led Peter Baker further into College and University affairs. He was elected to the Senate in the teacher's elections in 1981 and re-elected in 1985. These elections were always hotly contested and his success was clearly related to the prominence he had achieved through his membership of the working party on medical costs. In 1981 he represented the College in the merger talks with the Medical School and convened a Committee to establish a degree in Physiotherapy. This led to the proposal to incorporate Normanby College of Physiotherapy into King's College. Peter Baker was very concerned to push this forward, because he believed that the paramedical professions should be part of the University education system. After many vicissitudes, this has finally been accepted by all the interested parties and a B.Sc. degree in Biomedical Sciences with Physiotherapy will start at King's in 1989.
Baker served a second term as Dean of the (renamed) Faculty of Basic Medical Sciences from 1983-86. In contrast to his first term, this period was not marked by any notable achievements and was clouded by squabbles over examinations. He was always very concerned that students should be fairly treated and, in particular, that they should be fairly examined. He made enemies by criticising unfair practices and he was prepared to use his position as Dean to ensure students should not be unfairly treated.
During this time major upheavals occurred at King's. Colleges in London were encouraged to merge as part of a cost cutting exercise and in the hope of improving the quality of some of the Colleges, King's first entered merger negotiations with Bedford College. Baker felt strongly that the College should be a democratic com munity and that accordingly decisions should only be taken with full College partici pation. He was somewhat annoyed therefore when negotiations with Bedford were suddenly abandoned on the decision of the 'administration' without reference to the 'non-administrators'. Negotiations started afresh with Queen Elizabeth College and Chelsea College.
By now Baker was regarded as one of the most senior and able academics in the College and he served on the main Academic Planning Group set up by the three colleges in the period immediately prior to the merger. This service was continued by his membership of the College's main Planning Committee from August 1985 until his death.
Baker felt that Queen Elizabeth College had much to offer and that a merger would lead to a stronger combined College. Chelsea College was somewhat different, however. Baker, and many others, feared that without adequate resources the main effect of a merger with Chelsea might weaken King's position rather than to raise the standard of Chelsea. Eventually, though, the prospect of King's withering from the financial penalty that was threatened if it did not accept Chelsea dwarfed these serious reservations and the three colleges merged to form King's College (KQC) in August 1985.
The merger had a drastic effect on the Physiology Department, because Physiology D epartm ents existed at both Queen Elizabeth and Chelsea Colleges. The combined D epartm ents had 28 academic staff, twice the number at King's before the merger. Peter Baker was appointed Head, but the task of managing the D epartm ent was a daunting one. The Chelsea staff were moved to the Queen Elizabeth site at Kensing ton, but this was about 40 minutes in travelling time from the Strand site. It was impossible for the College to unify the two halves of the Department. The major problem, however, was a mismatch in attitudes and habits of the academic staff from the different backgrounds. It would take many years to weld them into a cohesive departm ent and the physical separation made this almost impossible. Baker keenly felt the frustration of having to manage staff who had been imposed on him, whom he had not appointed and whom he very rarely saw. Although the burden of responsibility went with his position as Head of Department, he did not have the authority necessary to impose the changes required to overcome the weaknesses of the Department. To make matters worse, there was no hope of making any new staff appointments as the merged Department proved to have more staff than were necessary, given that the student intake had been reduced at the time of the merger. Despite this, Peter Baker managed to obtain a grant from the Wellcome Trust to set up a joint appointment in Respiratory Physiology with the Faculty of Clinical Medicine and was much encour aged by the 'above average' ranking given to the Physiology department (with A nat omy) by the UGC review in May 1986 . Those who were active in the Department felt that the 'above average' ranking was largely due to his presence and reputation.
These last years were a frustrating time, because of the difficulties in the Department brought about by the merger, the financial squeeze being applied to the Universities and the uncertain future. At the time of the merger, the ultimate objective was to relocated Physiology as a unified department in Cornwall house, on the South Bank. Official approval for this scheme was delayed from year to year, which had a depressing effect on the staff. Baker was determined that Cornwall House should be gained and it is sad that he did not live long enough to see this finally take place in May 1988.
M a in e v e n t s , a p p o in t m e n t s , h o n o u r s a n d a w a r d s As a young research student Peter struck some of his senior colleagues as shy, somewhat inhibited and at times puritanical, not at all like the outgoing, enthusiastic person that he later became. Life in two large laboratories and a Research Fellowship at Emmanuel College started to change his outlook and a very happy marriage to Phyllis Light in 1966 completed the transformation. Phyllis was trained as a biologist and before her marriage worked in the Department of Genetics at Cambridge. She and Peter shared many interests: gardening, natural history and biology among them and fairly soon acquired an attractive old house and garden at Bourn some miles from Cambridge. They had four children: Lucy, Sara, Alexander and Charlotte, born between 1967 and 1974. In several ways Peter Baker's personality combined distinct and often conflicting characteristics. He was 'avant garde' and something of a rebel, but also 'establishment' in that he wanted British science to receive proper credit and to be efficiently organized. His straightforward elementary lectures, much liked by both natural scien tists and medical students, were not clouded by the detailed knowledge of the literature that he had at his fingertips. Nor did his broad interest in biology interfere with his wish to concentrate in depth on experiments. When necessary he could be extremely patient, but was often in a tremendous hurry, almost as if he knew that he did not have very long to live. It is possible that this sense of urgency dated back to the time when Peter very nearly died from peritonitis at the age of 17. H e felt that he had been spared death in order to do something with his life. But perhaps the greatest contrast was between B aker's very full and hectic life in the laboratory and the tranquillity of the weekends at his home in the country near Cambridge. There he lived very happily with his family but still found time to serve on the Bourn village council and take part in other village activities. Mervyn Hills, the vicar of Bourn from 1953 to 1986, writes: in spite of all the commitments which took him all over the world, Peter was absolutely tireless in his support of his own village. Vice-Chairman and later Chairman of the Parish Council, Chairman of the Village Hall Committee and Vice-Chairman of the Governors of Bourn Primary School. I have never known anyone who could think more quickly or more clearly on almost any subject and in any situation. His help to me on the Governing Body of the Parochial School was absolutely invaluable, often enabling me, when problems came, to see clearly the issue involved and the way to proceed. In spite of his extremely busy life, he never spared himself -if I needed his help or advice, he would call on me early in the morning before catching the train to London, or late in the evening after he had come home. No one can have done more for the village of Bourn, and I personally will always be extremely grateful not only for all that he did for me, but above all for the tremendous privilege of having known him and enjoyed his friendship.
Peter Baker's sudden death from a heart attack at the early age of 47 has deprived British science of one of its most gifted and versatile biologists. He was at the height of his scientific powers and had many ideas for new lines of research, particularly in the borderland between molecular biology and physiology. 
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